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Abstract
· AIM:Toevaluatethechangesinocularbloodflowwith
colorDopplerultrasonography (CDU)afterintravitreal
triamcinoloneacetonide(IVTA)injection.
· METHODS:Atotalof46patientswhounderwentIVTA
(4mg/0.1mL)injectionfordiabeticmacularedema(DME)
( =22),centralretinalveinocclusion(CRVO)( =12)and
choroidalneovascularmembrane (CNVM) ( =12)were
includedinthestudy.Peaksystolicvelocity (PSV),end
diastolicvelocity (EDV)andresistivityindex (RI)were
measuredfromtheophthalmicartery (OA),thecentral
retinalartery(CRA)andtheposteriorciliaryartery(PCA)
ofeachpatientwithCDUbefore,attheendofthefirst
weekandattheendofthefirstmonthfollowingIVTA
injection.
· RESULTS:IntheDMEgroup,PSVofOAatthefirstof
thefirstmonth(mean依SD)(37.48依10.87cm/s)increased
comparedtopre-injectionvalue (31.39 依10.84cm/s)
( =0.048).Therewasastatisticallysignificantdecrease
( =0.049)inPSVofCRAattheendofthefirstmonth
(7.97依2.67cm/s)comparedtothepre-injection(9.47依3.37cm/s).
Therewasnotanystatisticallysignificantdifferenceon
theotherparametersintheDMEgroup.Also,therewas
notanystatisticallysignificantdifferenceontheocular
bloodflowvaluesintheCRVOandCNVMgroups.
· CONCLUSION:Weobservedthat4mg/0.1mLIVTA
increasedPSVofOAanddecreasedPSVofCRAinDME
patientsanddidnothaveanyeffectonocularbloodflow
valuesofCRVOandCNVMpatients.
· KEYWORDS: intravitrealtriamcinoloneacetonide;ocular
bloodflow;diabeticmacularedema;centralretinalvein
occlusion;choroidalneovascularmembrane
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INTRODUCTION
C
orticosteroidshavebeenusedfortreatmentofmany
oculardiseases.Theyareappliedtopicallyasdrops,
givensystemicallyorinjectedintothesubconjunctivalor
sub-Tenonspace.However,theintraocularconcentrationof
steroidswasnothighenoughtoachieveatherapeuticlevel,
orthesystemicsideeffectsweretooprominentfora
prolongedtreatment.Toovercomethislimitationauthors
suggestedtheintravitrealapplicationofsteroids
[1-3].
Becausesolublecortisone(dexamethasonesodium)is
washedoutoftheeyewithinapproximately24hafterasingle
intravitrealinjection,theuseoftriamcinoloneacetonide(TA)
whichasacrystallinesteroidhasaconsiderablylonger
absorptiontime
[1-3].RecentlyintravitrealTA(IVTA)hasbeen
appliedfortreatmentofintraocularproliferative,edematous
andneovasculardiseases
[3].
Itisknownthatsteroidscausevasoconstrictionthroughthe
specificreceptorslocatedonthevascularendotheliumand
thevascularsmoothmusclecells
[4].Theydecreasevascular
permeabilitybycausinghypertrophyofsmoothmusclecells
811andalsoincreaseperipheralvascularresistancebycausing
perivascularfibrosis
[4].Somestudiesintheliteraturehad
shownthatsystemic,subtenonandtopicalsteroidsmaycause
changesinocularbloodflow
[5-9].Intheliteraturehasbeen
shownthatintravitrealsteroidsmaycausechangesinocular
bloodflow
[10,11].
Inthisstudy,usingColorDopplerUltrasonography(CDU),
weevaluatedtheeffectofaninjectionof4mg/0.1mLIVTA
onocularbloodflow.
SUBJECTSANDMETHODS
Thisprospectivestudyincludes46IVTAinjectedpatients:
22eyesfordiabeticmacularedema(DME),12forcentral
retinalveinocclusion(CRVO)and12forchoroidal
neovascularmembrane(CNVM).Afterthelocalethics
committeeapproval,informedconsentfrompatientswas
included.Thisstudywasconductedinaccordancewiththe
declarationofHelsinki.
Allpatientsunderwentadetailedophthalmological
examination.Bestcorrectedvisualacuitywasdetermined
withSnellencharts,whereasintraocularpressurewas
measuredwithaGoldmanapplanationtonometer.Adetailed
fundusexaminationwasperformedafterpupillarydilatation
withtropicamide.
AllpatientswithDMEhadtype2diabetesmellitus(DM).
DMEdiagnosedwithfundusexamination,Fundusflorescein
angiographywasusedwhenneeded.Patientswith
proliferativediabeticretinopathywereexcludedfromthe
study.CRVOwasunilateralinallpatientsandnoneofthe
CRVOcaseswasischemic,andthemeandurationofthe
symptomsbeforeIVTAinjectionwas2.3mo(2-3mo).
PatientswhoseCRVOlastedmorethan3mowereexcluded
fromthestudy.
Diagnosis,localizationandthedimensionsoftheCNVM
weredeterminedbyFA.Thesepatientsweretreatedwitha
s 佴 ancephotodynamictherapy(PDT)inaccordancewithTAP
procedure
[12].Twenty-fourhoursafterthePDT,allofthese
patientswereinjectedwithIVTA.
Allintravitrealinjectionswereperformedinsterileconditions
intheoperatingroom.Aftertopicalanesthesiawith
proparacainehydrochloride,theinferiorandsuperiorfornices
werecleanedwith5%povidoneiodine.Wedrainedfromthe
Kenacort-A(40 mg/mL,BristolMyerss,SquibbCo,
Princeton,NY,USA)4mg/0.1mLandinjecteditintothe
centralvitreouscavity,4mmawayfromthelimbusonthe
inferotemporalareaoftheglobe,witha27gaugesyringe.All
patientswereadvisednottoliedownfor2hinorderto
preventthetriamcinoloneparticlesfromfallingontothe
fovea.Allpatientswereprescribedtopicalantibioticstobe
taken4timesadayfor1wk.
Theanalysisofocularbloodflowofthepatientswhowere
injectedIVTAwasmeasuredbythesameradiologist,using
theCDUmethodwiththesamemachine(Logic9;GE,USA)
with9-12MHzlinearprobe.Theocularbloodflowofboth
eyesinthepatientsofthestudygroupwasmeasuredbefore
injection,attheendofthefirstweekandattheendofthe
firstmonthvisitwhereas.Aftercontrollingthesystemic
hypertension,thepatientsliedonsupinepositionandthe
measurementswereperformedthroughclosedeyeswithout
anycompressiontotheglobe.TheDopplerspectrumof
ophthalmicartery(OA)wasobtainedwhereitcrossesthe
opticnerve,ofthecentralretinalartery(CRA)fromthe
surfaceoftheopticnerveandofthelateralbranchesof
posteriorciliaryarteries(PCA)0.3mmposteriortotheoptic
nervehead.Weenrolledthepeaksystolicvelocity(PSV,
cm/s),theenddiastolicvelocity(EDV,cm/s)andthe
resistivityindex(RI)asocularbloodflowparametersofthese
threearteries.TheRIwerecomputedaccordingtothe
Pourcelotformula[RI=(PSV-EDV)/PSV].Ocularbloodflow
wasmeasuredbefore,attheendofthefirstweekandatthe
endofthefirstmonthfollowingIVTAinjection.
Thepatientswereevaluatedonthefirstday,attheendofthe
firstweekandattheendofthefirstmonthaftertheinjection.
Ateachvisit,weroutinelycheckedthevisualacuity,
measuredtheintraocularpressure,examinedwithslitlamp
biomicroscopyandperformeddetailedfundusexamination.
WeevaluatedthepatientswithFFAwhenitwasnecessary.
WeaccepteddiabeticpatientswhoseHbA1cwasabove7as
uncontrolledDMpatientsandexcludedthenfromthestudy.
Alsopatientswithsystemichypertensionabove140/90were
excludedfromthestudy.Alsopatientsforwhomagridlaser
photocoagulationwasperformedinatimeperiodshorterthan
threemonthsbeforetheinjection,patientswhowereusing
anysystemicdrugsthatmayaffectthevasculartonus,
patientswhohavevasculitis,glaucomaandpreviousocular
surgerywereexcludedfromthestudy.
AsstatisticalanalysisweusedtheSPSS16.0forWindows
packagesoftware(SPSSInc,Chicago,IL,USA).Repeated
measuresANOVAtestandWicoxontestwereusedfor
statisticalcomparisonsanda -valuelessthan0.05was
acceptedassignificantstatisticaldifference.
RESULTS
Themeanageof22DMEpatientswas(mean依SD)60.86依
6.52(54-79)y.Thirteenofthesepatientsweremenand9
werewomen(Table1).Allofthesepatientshadtype2DM
andthedurationofDMwas14.6 依7.9y.Inaddition,5
patientshadsystemichypertensionaswell.
IntheDMEgroup,PSVofOAatthefirstofthefirstmonth
(37.48 依10.87cm/s)increasedcomparedtopre-injection
Table 1 Demographic data of patients                         s x–  
Groups  n  Age  (min-max)  M/F 
Diabetic macular edema  22  60.86±6.52 (54-79)  13/9 
Central retinal vein occlusion  12  58.56±10.18 (40-72)  7/5 
Choroidal neovascular membrane  12  69.50±5.56 (64-77)  8/4 
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Table 2 Comparison between the values of the ocular blood flow of the diabetic macular edema patients on 
the first week and the first month after the injection                                          s x–  
Ocular blood flow parameters   Preoperative  First week  First month  P 
Ophthalmic artery         
PSV (cm/s)  31.39±10.84  33.27±9.71  37.48±10.87  0.048
a 
  EDV (cm/s)  6.40±3.40  7.14±3.04  7.72±2.78  0.150 
  RI  0.80±0.08  0.80±0.04  0.80±0.05  0.969 
Central retinal artery         
  PSV (cm/s)  9.47±3.37  8.69±3.09  7.97±2.67  0.049a 
  EDV (cm/s)  3.04±1.70  2.44±1.0  2.48±0.76  0.150 
  RI  0.69±0.10  0.70±0.10  0.66±0.09  0.406 
Posterior ciliary artery         
  PSV (cm/s)  17.95±6.88  20.08±8.55  17.88±8.04  0.969 
  EDV (cm/s)  4.32±2.0  5.17±2.42  4.83±2.30  0.391 
  RI  0.73±0.11  0.73±0.08  0.71±0.08  0.497 
PSV: Peak systolic velocity; EDV: End diastolic velocity; RI: Resistivity index; aP<0.05 statistically significant. 
value (31.39 依10.84cm/s)(=0.048).Therewasa
statisticallysignificantdecrease( =0.049)inPSVofCRAat
theendofthefirstmonth(7.97依2.67cm/s)comparedtothe
pre-injection(9.47 依3.37 cm/s).Therewasnotany
statisticallysignificantdifferenceontheotherparametersin
theDMEgroup(Table2).
Meanageof12patientswithCRVOwas58.56 依10.18
(40-72)y.Sevenofthesepatientsweremenand5were
women (Table1).Ninepatientshadsystemichypertension
and5hadDM.AllCRVOcaseswereunilateralandallof
themwerenon-ischemic.Meandurationofsymptomsbefore
IVTAinjectionwere2.3mo(2-3mo).Therewasnotany
statisticallysignificantchangeinCRVOgroupattheendof
thefirstweekandthefirstmonthontheocularbloodflow
parameters(Table3).
MeanageofCNVMpatientswas69.70依5.56(64-77)y.Eight
ofthesepatientsweremenand4werewomen(Table1).
TherewasnotanystatisticallysignificantchangeinCNVM
groupattheendofthefirstweekandthefirstmonthonthe
ocularbloodflowparameters(Table4).
BeforetheinjectionsthemeanIOPvalueswere13.71 依
2.07mmHginDME,14.12依2.64mmHginCRVOand
15.25 依2.75mmHginCNVMpatients.Therewasno
statisticallysignificantdifferencebetweenthesegroups(=
0.187).ThemeanIOPvaluesofDMEandCRVOpatientson
thefirstweekvisitwere15.80依3.54mmHgand17.87依
4.35mmHg,respectively.TherewasanincreaseintheIOP
ofthesepatientscomparedwiththepre-injectionvaluesand
thisincreasewasstatisticallysignificant( =0.002, =0.026,
respectively).TheIOPvaluesofDMEandCRVOpatients
were14.27依2.10mmHgand15.00依1.09mmHg( =0.099,
=0.564respectively).Therewasnostatisticallysignificant
changebetweenthefirstweek(16.50依1.73mmHg)andthe
firstmonth(15.33 依2.30mmHg)IOPvaluesinCNVM
patients( =0.180, =0.317).
TheIOPwasmeasuredabove21mmHgin12of46injected
eyes(26%).ThepatientswithanIOPabove21mmHgwere
successfullytreatedwithantiglaucomatousagents
Table 3 Comparison between the values of the ocular blood flow of the central retinal vein occlusion 
patients on the first week and the first month after the injection                                s x–  
Ocular blood flow parameters  Preoperative  First week  First month  P 
Ophthalmic artery         
PSV (cm/s)  36.14±0.85  34.10±12.61  38.22±12.60  0.456 
  EDV (cm/s)  6.90±2.02  10.11±5.40  9.61±4.40  0.127 
  RI  0.69±0.06  0.71±0.09  0.75±0.08  0.082 
Central retinal artery         
  PSV (cm/s)  9.72±2.87  8.36±2.24  8.82±2.51  0.546 
  EDV (cm/s)  2.93±1.15  2.55±1.47  2.58±0.54  0.409 
  RI  0.70±0.05  0.70±0.09  0.69±0.08  0.610 
Posterior ciliary artery         
  PSV (cm/s)  16.72±6.99  16.63±8.76  15.56±7.50  0.778 
  EDV (cm/s)  3.80±1.51  4.66±3.11  4.57±2.73  0.446 
  RI  0.76±0.06  0.72±0.08  0.71±0.07  0.064 
PSV: Peak systolic velocity; EDV: End diastolic velocity; RI: Resistivity index; P<0.05 statistically significant. 
 
813Table 4 Comparison between the values of the ocular blood flow of the CNVM patients on the first week 
and the first month after the injection                                                      s x–  
Ocular blood flow parameters  Preoperative  First week  First month  P 
Ophthalmic artery         
PSV (cm/s)  35.06±9.59  32.30±7.36  31.36±5.87  0.253 
  EDV (cm/s)  8.20±2.32  6.88±3.11  6.74±2.67  0.061 
  RI  0.76±0.05  0.79±0.04  0.78±0.06  0.456 
Central retinal artery         
  PSV (cm/s)  11.10±2.16  7.96±2.28  8.19±2.53  0.182 
  EDV (cm/s)  2.28±0.74  2.08±0.52  1.92±0.67  0.491 
  RI  0.79±0.06  0.73±0.04  0.74±0.08  0.453 
Posterior ciliary artery         
  PSV (cm/s)  18.13±6.46  15.05±8.42  15.12±8.20  0.236 
  EDV (cm/s)  3.81±1.75  4.06±2.65  4.12±2.64  0.663 
  RI  0.78±0.05  0.73±0.05  0.73±0.05  0.159 
PSV: Peak systolic velocity; EDV: End diastolic velocity; RI: Resistivity index; P<0.05 statistically significant. 
 
[Dorzolamide2%(Trusopt
® )and/orbimatoprost0.03%
(Lumigan
®)].TheIOPwasnotdetectedabove21mmHgin
anypatientattheendofthefirstmonth.Infectious
endophthalmitis,sterile endophthalmitis,pseudohypopion
andrhegmatogenousretinaldetachmentwerenotseeninany
patientduringthefollow-upperiod.
DISCUSSION
Somestudiesintheliteraturehadshownthatsystemic,
subtenonandtopicalsteroidsmaycausechangesinocular
bloodflow
[5-9].Intheliteraturehasbeenshownthat
intravitrealsteroidsmaycausechangesinocularbloodflow
[10,11].
Itisnotknownhowtheocularbloodflowisaffectedby
IVTA,howeversomestudieshaveshownthatthedistal
arterialobstructionincreasesthePSVofthearteriesthat
suppliestheeye
[13-15].TAmayaffecttheocularbloodflowby
its vasoconstructiveeffectonthe peripheral arterial
resistance
[14,15].Anothermechanismmaybeduetothepassof
TAintheretrobulbararea.InjectedIVTAshouldpass
throughthescleratotheretrobulbarareatohaveaneffectin
theretrobulbararea
[16,17].
Ceki觭
[10]similartotheresultsofthisstudyreportedthat
theEDVofPCAoftheinjectedeyesdecreasedattheendof
thefirstmonthandreturnedtonormalvaluesattheendof
thethirdmonthaftertheIVTAinjection.
Ithasbeenreportedthatbeforedevelopmentofmacular
edemaindiabeticretinopathy,diameter-responseanomalies
andlossofvasculartonuswereobservedinretinalarterioles
[18].
AlsoithasbeenreportedthatDMEdecreasedafterfocal
lasertreatment,howeverthediameterresponseinthe
arteriolessupplyingthisareadidnotchange
[19,20].This
informationmayexplainwhytheRIwasnotaffectedafter
IVTAinjectioninourstudy.
Therewasnoanysignificantchangeintheocularbloodflow
duringthefollow-upperiodinthesoundeyesoftheCRVO
patientscomparedwiththefelloweyes.Ceki觭
[10]
observedincrementinthePSVoftheCRAattheendofthe
firstweekandattheendofthefirstmonth,andincrementin
theRIoftheCRAattheendofthefirstmonthafterIVTA
injectionintheretinalveinocclusionpatients.ThePCAand
theCRAbloodflowvaluesturnedtonormalattheendofthe
thirdmonth.Theresearchersthoughtthatthesetransient
changesmaybeduetotheregulardecrementofthe
intravitreal concentrationoftheTA orduetothe
autoregulatorymechanismsofthechoroid.
T俟rk觭俟o觧lu
[21] intheirstudyusingCDUshowedthat
afterPDT;thePCA,PSVandRIvalueswereincreasedatthe
endofthefirstweekandturnedtonormalvaluesattheend
ofthefirstmonth.Ceki觭
[11] didnotfindanychangein
thehemodynamicparametersintheeyesofpatientstreated
withPDTcombinedwithintravitrealtriamcinolone.In
accordancewiththisstudy,thepresentstudydidnotfindany
changeinthehemodynamicparametersintheCNVMgroup.
ThesmallnumberofthepatientsinCRVOandCNVMmay
affectedthisresult.Additionallymicrovascularpathologyin
diabeticretinopathycanaffectwholebodyvessels.Adrug
thataffectsvasculartonuscanaffectmoreineyeswith
diabeticretinopathythenwiththeotherpathologies.Forthis
reasonclinicianshouldkeepthisinmindwhenprescribing
medicinesinpatientswithdiabeticretinopathy.Itcanbean
anothersubjectofstudyhowthesealterationsinocularblood
flowaffecttheprognosisofthediseaseandprognosisof
vision.
Oneofthelimitationsofthisstudyisthedifferencebetween
thesamplesizesofDME,CRVOandCNVMpatients.This
differenceisbecauseinourclinicalpracticeandalsoin
literaturethenumberofDMEpatientsexceedsthenumberof
CRVOandCNVMpatients.
Inconclusion,thisstudyshowsthat4mg/0.1mLofTAhas
theincreasedPSVofOAanddecreasedthePSVCRAinthe
DME patients.Thedifferenceisverycloseto0.05
Intravitrealtriamcinoloneandocularbloodflow
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significancelevelandincreasednumberofthesubjectsmay
changetheresults.Ithasnoeffectontheocularbloodflow
valuesoftheCRVOandCNVMpatients.
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